The value of intra-operative ultrasound as a tool in guiding resection of cerebral gliomas and the relationship between the appearance of brain tissue on intraoperative ultrasonography and pathological grade of cerebral glioma were investigated in 98 patients who underwent neurosurgical tumour removal. Lesions were classified according to pathological grade. Intra-operative ultrasonography orientated all the cerebral gliomas accurately and helped the neurosurgeon in assessing the tumour prior to removal. All lesions were hyperechoic compared with normal brain tissue, and the majority of lesions displayed irregular shapes and indistinct margins. Different pathological grades of glioma presented different ultrasonographic appearances. The majority of low-grade (I and II) cerebral gliomas were homogeneous, with distinct margins and clear surrounding oedema compared with adjacent brain tissue. High-grade (III and IV) cerebral gliomas mostly exhibited poorly defined borders and central necrosis, and the surrounding oedema was difficult to distinguish from the lesions. Residual tumour or haematoma were identified. In conclusion, intra-operative ultrasonography is of great value in locating and assessing the grade of cerebral glioma, and is conducive to enabling early evaluation and total removal of the lesion.
Introduction
Cerebral gliomas are primary central nervous system tumours and represent 40 -50% of all intracranial tumours. 1 Resection is currently the main therapy, but cerebral glioma cells can infiltrate surrounding brain tissue, making total lesion removal difficult. Accurate location, correct classification and total removal of the lesion are crucial in improving the patient's prognosis. Computed tomography (CT) and magnetic resonance imaging (MRI) play major roles in the pre-operative evaluation of brain abnormalities because of their ability to aid in both lesion characterization and location, but these techniques are complicated, involve radioactive exposure, and cannot be used for real-time navigation. 2 As the technology of neuronavigation systems has developed, they have become more widely used in neurosurgery. Neuronavigation helps the neurosurgeon to plan the J Wang, X Liu, WH Hou et al. Ultrasonography and pathological grade in cerebral glioma operation and enables rapid and accurate location of lesions, enhancing the quality of neurosurgical procedures. Such systems have high precision, good duration and they are reliable during surgery, although they cannot avoid errors caused by brain shift and are expensive. 3 Technological advances have increasingly led to the use of intra-operative ultrasonography in neurosurgery. 4 Intraoperative ultrasonic imaging was first applied as a real-time navigation system in neurosurgery in 1980 5 and, since 1987, it has been used routinely in this manner in many countries. Ultrasound assists in tumour location, detection of vascular malformation and anatomical evaluation of relationships between tumour and normal brain tissue, all in real time without radiation. Additional benefits include a reduction in both surgery time and cost.
Portable real-time ultrasonography has gained acceptance as a tool that allows rapid and accurate intra-operative imaging. Recent studies have reported the successful use of high-resolution real-time ultrasonography in locating gliomas at the time of surgery, 6, 7 but studies investigating the relationship between intra-operative ultrasonography and pathological grading of cerebral gliomas are rare. The purposes of the present study were to assess the value of intra-operative ultrasound as a tool in guiding resection of cerebral gliomas, and to explore the relationship between the appearance of brain tissue on intraoperative ultrasonography and the pathological grade of tumours.
Patients and method PATIENTS
Patients with cerebral glioma who had undergone CT or MRI, who required surgery and who had not undergone any other therapy were included in the study. The lesions were located in various parts of the cerebrum, resulting in differing clinical symptoms such as headache, vertigo, vomiting, tottering, twitching and anoia.
Informed consent was received from all study participants in compliance with the requirements of the institutional review board of Tangdu Hospital, Fourth Military Medical University.
INTRA-OPERATIVE ULTRASONOGRAPHY
Low-(2 -5 MHz; SonoSite 180Plus ® , SonoSite Inc., Bothell, WA, USA) or high-(5 -10 MHz; Acuson Sequoia 512 ® , Siemens, Malvern, PA, USA) frequency ultrasonic probes were used to observe the location, extent and imaging characteristics of the tumour and adjacent tissues, to guide the resection in real-time and to evaluate the presence of residual tumour tissue. The low-frequency probe was used for accurate definition of large or deepseated lesions and their delineation from surrounding anatomical structures; the highfrequency probe was used to locate subcortical lesions, distinguish between solid tumours, cysts and necrosis, and generally to help the neurosurgeon in assessing the tumour prior to removal. The probes were insulated by sterile gum and gel, and placed lightly on the dura through an open craniotomy by an experienced neurosurgeon. During the operation, distilled water or saline were injected into the cavity caused by tissue removal to prevent gas intrusion. Lesion resection was performed according to the ultrasound dimensions. Residual tumour or haematoma was identified and confirmed before completion of the operation.
Very small lesions near the surface of the brain are difficult to resolve and characterize, even with optimally focused J Wang, X Liu, WH Hou et al.
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transducers. In such circumstances, a salinefilled sterile glove was introduced between the probe and the dura as an echo window to enhance focus.
The ultrasonic systems were linked to a video processor so that images could be recorded. The intra-operative findings were compared with the pathological results, including grade of cerebral glioma and the extent of invasion. Regular follow-up was carried out every 6 months to evaluate the curative effect of the procedure.
PATHOLOGICAL ASSESSMENT
After removal, each glioma was graded according to the year 2000 World Health Organization's classification system for brain tumours. 8 Grade I applies to lesions with low proliferative potential and the possibility of cure. Neoplasms designated grade II are generally infiltrative in nature and, despite low level proliferative activity, often recur. Grade III is generally reserved for lesions with histological evidence of malignancy, including nuclear atypia and brisk mitotic activity, and grade IV is assigned to cytologically malignant, mitotically active, necrosis-prone neoplasms.
Results
A total of 98 patients (55 males, 43 females) aged 10 -71 years (mean 52.3 years) were recruited into the study over a 3-year period. On pathological assessment, 25 of the gliomas were grade I, 23 were grade II, 23 were grade III and 27 were grade IV.
INTRA-OPERATIVE ULTRASONOGRAPHIC IMAGING
Intra-operative ultrasonography permitted good characterization of normal brain tissue and of all the cerebral gliomas studied. The normal brain cortex presented as only slightly hypoechoic compared with normally echoless fluid. Meninges intruding into brain tissue were seen as hyperechoic ( Fig. 1 ).
In 69 (70%) of the patients, brain oedema was observed and was differentiated from both normal cortex and tumour tissue by its specific echogenic characteristics. The degree (Fig. 2) . The oedema usually presented with a clear border surrounding the lesion, however it was difficult to distinguish the brain oedema from the lesion and to map the precise extent of the lesion after partial lesion removal.
All the lesions were hyperechoic compared with the hypoechoic cortex. The majority of lesions displayed irregular shapes and indistinct margins.
ULTRASONOGRAPHIC APPEARANCE OF DIFFERENT GLIOMA GRADES
Different pathological grades of cerebral glioma exhibited different intra-operative ultrasonographic images (Table 1 ). The majority of low-grade (I and II) cerebral gliomas exhibited well-distributed solid tumours with distinct margins and clear surrounding oedema compared with adjacent brain tissue. In high-grade (III and IV) cerebral gliomas, the majority of images showed poorly defined borders and central necrosis, and the surrounding oedema was difficult to distinguish from the lesions.
The 25 grade I lesions showed distinct margins compared with adjacent brain tissue and tissue free of solid tumours. Intraoperative ultrasonography enhanced identification of the precise location of lesions ( Fig. 3 ). In addition, nine of these lesions had indistinct borders, indicating that tumour cells had invaded the surrounding brain tissue, and a further five had calcification phenomena distributed on the edge of the lesions. Surrounding oedema was observed in 12 cases, but this was minimal and had distinct margins. Of the 23 grade II lesions, 13 were mildly hyperechoic on ultrasound compared with oedema or other grades of cerebral glioma (Fig. 4 ). Five lesions had obscure margins and tumour tissue had invaded the surrounding brain tissue. Surrounding brain oedema was observed in only six cases on ultrasound but in nine cases using CT contrast enhancement or contrast materialenhanced MRI scans: three of these were found to be tumour tissue rather than oedema tissue on post-operative pathological examination.
All the low-grade (grade I or II) gliomas showed a decreased T1 and increased T2 regular signal on pre-operative MRI studies.
In 14 of these, ultrasonic imaging showed irregular lesion shapes, indicating that tumour cells had invaded normal brain tissue.
In the 50 cases with grade III or IV tumours, the majority of lesions were hyperechoic, with irregular shapes and indistinct margins caused by the rapid proliferation of tumour cells invading the brain or meninges. The more anaplastic the cerebral glioma, the greater was the difference in the internal acoustic architecture of the lesion. The central sections of 39 lesions were echogenic and corresponded to areas of tumour necrosis; 18 lesions had more than one necrotic area. All grade III and IV cases, when compared with grade I and II cases, exhibited a larger surrounding brain oedema that was difficult to distinguish from the lesions (Figs 5 and 6 ).
ACCURACY AND COMPLETENESS OF RESECTION
All the lesions were identified and located with 
Discussion
The present study confirmed the relationship between the appearance of cerebral gliomas on intra-operative ultrasonography and their pathological grade. Intra-operative ultrasonography was also found to permit good characterization of the cerebral area being operated on. These results indicate the widespread applicability of intra-operative ultrasonography as an anatomical link between pre-operative imaging and the reality of the operative field. It can enable reliable and accurate lesion location, facilitate total lesion removal while protecting neurological function, reduce complications and prevent mechanical injury to intracerebral vessels by adjusting the Doppler signal gain. In terms of the correlation between intraoperative ultrasonographic appearance and the pathological grade of cerebral glioma, the present study showed that grade I lesions had more calcific phenomena than other grades, possibly due to the normal surface calcification that occurs with oligodendroglioma. Grade II lesions frequently showed as mildly hyperechoic (less hyperechoic than other grades), possibly due to the pathological characteristics of the tumour cells. Ultrasound imaging showed irregular shapes for some low-grade lesions, indicating that tumour cells had invaded the normal brain tissue, which confirmed pre-operative MRI findings. 9 The internal acoustic architecture of high-grade gliomas usually showed clear J Wang, X Liu, WH Hou et al. Intra-operative ultrasonography has also been shown to be beneficial in guiding biopsy, the best site for biopsy being the inner portion of the echogenic margin of the lesion. 10 When using intra-operative ultrasonography as a guide, the probe must be completely sterilized and carefully operated. It is essential to take several crosssectional images to ascertain the location and extent of the tumour, so that the surgeon can select the best place to commence surgery. The use of intraoperative ultrasonography can prevent injury to major vessels by enabling adjustment of the Doppler signal gain during surgery.
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The choice of probe depends on the depth and size of the lesion. Accurate definition of deep-seated lesions and their delineation from surrounding anatomical structures is possible with a low-frequency probe, whereas a highfrequency probe is more accurate in locating shallow or small lesions, and provides the best approach for the neurosurgeon for identification of residual tumour.
The size of the cranium defect influences lesion detection, so it is important that the neurosurgeon fully understands the patient's images and that the probe is as flexible as possible. In our opinion, close co-operation and trust between the neurosurgeon and ultrasonographer are important during this procedure.
It is important to be aware of the various limitations of intra-operative ultra-sonography. For example, oedema, which has moderate echogenicity, may interfere with accurate mapping of the extent of the brain lesion. Once a lesion is removed, the surrounding brain oedema remains and can make the detection of remaining tumour tissue difficult. The role of total resection in the long-term prognosis of patients with cerebral glioma has yet to be established but is likely to be a function of tumour location and grade. 11 It is also important to be aware that many factors can influence image definition, such as air quality, tampon and the cavity formed by lesion removal. It is, therefore, necessary to continue with the intra-operative ultrasonography process until the surgical procedure is completed, to ensure total lesion removal. In addition, the area scanned by intra-operative ultrasonography can sometimes depend on the shape of the removed bone window; imaging may show an off-gauge section, resulting in an unstable image.
In conclusion, intra-operative ultrasonography is a reliable method for locating lesions, grading cerebral gliomas and assisting in total removal of the lesion. This technique can be a practical, cost-effective, time-saving, real-time navigation system.
